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Yoga e an ancient solution to a modern epidemic. Ready for
prime time?Harinder K. Bali
Director, Department of Cardiology, Fortis Hospital, Mohali 160062, Punjab, IndiaCardiovascular disease (CVD), the leading cause of morbidity
and mortality worldwide, is clearly of pressing clinical and
economic significance, underscoring the need for effective
primary prevention.1 Although genetic predisposition plays
an important role, the main culprit responsible for the bur-
geoning epidemic of CVD are the modifiable risk factors
related to lifestyle. They not only aid in the initiation but also
in the progression and complications of atherosclerosis-
related diseases. Hypertension, dyslipidemia and diabetes
are all lifestyle-related conditions and are, therefore, modifi-
able. Metabolic syndrome has recently been recognized as an
important risk factor particularly in the Indian subcontinent.
Increased sympathetic activity, enhanced cardiovascular
reactivity and reduced parasympathetic tone have been
strongly implicated in the pathogenesis of metabolic syn-
drome and in the development and progression of athero-
sclerosis and cardiovascular disease. Recent research offers
compelling evidence that chronic psychological stress and
negative affective states contribute significantly to the path-
ogenesis and progression of insulin resistance, glucose
intolerance, hypertension, dyslipidemia and other metabolic
syndrome-related conditions and ultimately increase the risk
for CVD morbidity and mortality.
In the light of evidence of strong influence of psychosocial
factors on the development of CVD, mind-body therapies
may have considerable potential in its prevention and
treatment. Of particular interest in this regard is Yoga, an
ancient mind-body discipline which originated in our coun-
try almost 4000 years ago and has been widely used in the
management of hypertension, diabetes and related chronic
insulin resistance conditions. Of the seven major branches of
yoga, Hatha (or forceful), Raja (or classical) and Mantra yoga
are the best known and most widely practiced forms. Both
Hatha and Raja yoga emphasize specific postures (asanas),
including both active and relaxation poses as well as breath
control (pranayama), concentration (dharanas) and medita-
tion (dhyana).E-mail address: hkbalipgi@gmail.com.
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http://dx.doi.org/10.1016/j.ihj.2013.03.002Yoga is a safe, simple-to-learn, noninvasive and inexpen-
sive practice requiring little in way of equipment or profes-
sional training. However, as with most practices originating
from the east, it was initially met with a lot of reluctance and
resistance in Western countries. Moreover, lack of systemic
studies did not help its cause. This has changed steadily in the
last few decades with a growing body of evidence2e6 suggest-
ing that practice of yoga may reduce risk factors for CVD and
may attenuate signs, reduce complications and improve the
prognosis of those with frank or underlying disease.
Since 1970, more than 50 studies from different countries
have been published in peer reviewed journals investigating
the potential influence of yoga and yoga-based programs on
one ormore core indices of CVD includingmeasures of insulin
resistance, lipid profiles, body weight and composition and on
blood pressure. Interventions ranged in length from 40 days to
12 months in various studies and they were carried out on
healthy young adults as well as in patients with type II dia-
betes, hypertension and coronary artery disease.1. Glucose intolerance and diabetes
Most of the studies in patients with glucose intolerance and
frank diabetes have shown significant improvement post-
intervention in indices of insulin resistance relative to base-
line values. Overall yoga practice was associated with 5.4%e
33.4% reduction in fasting glucose, 24.5%e27% reduction in
post-prandial glucose and 13.3%e27.3% reduction in glyco-
hemoglobin with the percentage varying by study population
and design.7 In the present issue of the journal, Shantakumari
et al8 have reported the results of their study of effect of yoga
on lipids in diabetic patients. Although it is a well-conducted
randomized study, it is limited by the fact that during three
months of yogic intervention, subjects were under supervi-
sion for only the initial 2 weeks raising concerns about
compliance to the yogic protocol during the unsupervisedty of India. All rights reserved.
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and consistent with other studies7 on similar subject. Yogic
intervention showed significant improvement in body weight
and also in total cholesterol, LDL, triglycerides and non-
significant elevation in HDL level in the intervention group as
compared to controls.
Although the evidence for beneficial effect has been
observed consistently across studies, these results are
tempered by the fact that most of the studies did not include
control subjects.2. Lipid profile
Practice of yoga and yoga-based programs may improve lipid
profile in healthy adults and in patients with hypertension,
diabetes and coronary artery disease. Four uncontrolled
studies3,9e11 and three controlled non-randomized
studies6,12,13 that ranged from six weeks to 12 months in
duration showed significant improvement in lipid profile
(reduction in total cholesterol, low density lipoproteins and
triglyceride values and increase in HDL cholesterol) over con-
trol values and in comparison to control group as a result of
yoga-based interventions. Several RCTs investigating the ef-
fect of yoga in combination with diet,6,14,15 education,16 stress
management6,16,17 and other therapies6,14,17 have likewise
demonstrated significant improvement in lipid profiles rela-
tive to controls receiving enhanced usual care, exercise and/or
dietary interventions. Of the 5 RCTs identified in adults with
hypertension, CVD or risk factors for CVD, three14e16 docu-
mented improvement in all indices of dyslipidemia examined
and one17 reported significantly greater reduction in tri-
glycerides but not in cholesterol or LDL. Patel et al16 studied the
long-term effect of yogic intervention on lipids and concluded
that improvement in lipid profile persisted at 8months but not
at 4 years. Of those studies demonstrating positive effect, yoga
practice was associated with 5.8%e25.2% decrease in total
cholesterol, 22.0%e28.5% decrease in triglycerides and a
12.8%e26.0% in LDL reduction.7 The magnitude of the differ-
ence varies from study population and design.3. Body weight and composition
Body weight and composition is uniformly improved by yogic
interventions. Five RCTs14,15,17e19 demonstrated improvement
in bodyweight and/or composition relative to usual care,14,17,19
diet and exercise15 and no intervention18 controls. Studies
reporting improvement in anthropometric indices included
investigationsofhealthy individuals,9,13,18,20e23 aswell as those
with hypertension,19 and/or other CVD risk factors,15 coronary
artery disease6,14,17 and diabetes.24,25 In these studies yogic
intervention was associated with 1.5%e13.6% improvement in
body weight.74. Blood pressure
A number of studies including seven uncontrolled studies of
healthy10,22,26 individuals and hypertensive11,27e29 adults andeleven RCTs of healthy30e33 adults and patients with hyper-
tension or other CVD risk factors16,19,34e38 have reported
consistent beneficial effect of even relatively short-term
practice of yoga and yoga-based programs on blood pressure.
The duration of yogic intervention studied in these studies has
ranged from 3 weeks to 6 months. Overall, these studies
demonstrated a 4.6%e24.3% decline in diastolic blood pres-
sure and 2.6%e21.3% decline in systolic blood pressure with
yoga. The magnitude of decline in blood pressure varied with
the study design and sample population. In a cross-sectional
study of healthy mid-life men with similar lifestyle charac-
teristics, Vyas et al found that those with both short term and
long term experience in Raja yoga meditation had reduced
diastolic blood pressure as compared to those naı¨ve to
meditation.395. Procoagulant changes and oxidative
stress
Procoagulant changes and damage caused by oxidative stress
have a pivotal role to play in the causation of metabolic syn-
dromeand in thedevelopment andprogressionof diabetes and
CVD.40 In an uncontrolled study, it was observed that four
months yogic intervention caused a significant decline in
fibrinogen and an increase in fibrinolytic activity.41 In a non-
randomized controlled study of healthy German adults,
Schmidt et al13 documented a significant fall in fibrinogen
among participants completing a 3-month residential Kriya
yoga program relative to community controls matched on age,
gender, andbaseline fibrinogen levels. These trials suggest that
yoga may foster beneficial changes in the coagulation and
fibrinolytic systems in healthy adults. Results of some small
studies3,13,17,42e44 provide evidence that it may reduce oxida-
tive stress in both healthy populations and those with chronic
insulin resistance related disorders. Observed changes in other
oxidative stress indices include increase in antioxidants44 and
antioxidative enzymes,44 and reductions in free radicals.436. Stress
There is a strong experimental evidence to suggest that yoga
can lead to improvement in both cardiovascular response to
stress and cardiovascular recovery from stress. Cardiovascu-
lar reactivity to stress is strongly associated with insulin
resistance.45 In addition, it is amajor independent predictor of
hypertension, stroke, myocardial infarction and cardiovas-
cular mortality.46 Cardiovascular recovery from stress simi-
larly has been strongly associated with CVD risk.477. Other effects
Population based studies48e54 have shown that participation
in yoga and yoga-based programs promotes significant
reduction in respiratory rate, heart rate, cortisol concentra-
tion, catecholamine levels, renin activity, and accelerated re-
covery time from stress as well as significant improvement in
heart rate variability and baroreceptor sensitivity in both
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 1 3 2e1 3 6134healthy48e53 and hypertensive54 populations. Collectively,
these studies prove that even short-term practice of yogamay
produce marked reduction in sympathoadrenal activation,
enhance cardio-vagal tone and promote sympatho-vagal
balance.8. CVD clinical end-points
Large studies that have directly studied the effect of yogic
interventions on clinical end-points of cardiovascular disease
in populations suggest that yoga and yoga-based programs
may attenuate signs, reduce complications and improve the
prognosis of those with frank or underlying disease. In an RCT
of Indian men with coronary artery disease,14 those enrolled
in a 12-month comprehensive yoga program showed retar-
dation of coronary atherosclerosis, increased regression
and reduced progression of vascular lesions, and reduced
anginal episodes relative to usual care controls. In a study
amongst American seniors,34 those completing a 12-month
comprehensive yoga-based program demonstrated a decline
in carotid intimal media thickness, an indicator of carotid
atherosclerosis, relative to those receiving usual care or a
comprehensive medical, diet, and exercise intervention. The
decline was correlated inversely with adherence, suggesting a
direct relation between the practice of this program and
atherosclerotic change. There is also some evidence that the
clinical benefits observed following yoga-based programs
might persist long term. In a 4-year follow-up of an earlier RCT
in hypertensive adults, Patel et al16 found that those who had
participated in an 8-week comprehensive yoga relaxation
program were less likely than usual care controls to be
receiving treatment for CVD related complications, to have
experienced a serious coronary event, or to have electrocar-
diographic evidence of ischemia.9. Possible mechanisms of action of yoga
Although the mechanisms underlying the putative beneficial
effects of yoga therapy on cardiovascular risk profiles are not
yet well understood, the observed changes probably occur pri-
marily through two pathways. First, by reducing the activation
and reactivity of the sympatho-adrenal system and the hypo-
thalamic pituitary adrenal (HPA) axis and promoting feelings of
well-being, yoga may alleviate the effects of stress and foster
multiple positive downstream effects on neuroendocrine sta-
tus, metabolic function and related inflammatory responses.
Second, by directly stimulating the vagus nerve, yoga may
enhance parasympathetic output and thereby shift the auto-
nomic nervous system balance from primarily sympathetic to
parasympathetic leading to positive changes in cardiac-vagal
function, in mood and energy state, and in related neuroendo-
crine, metabolic, and inflammatory responses.10. Limitations of studies
Although there is a wealth of data available to support the
efficacy of yoga and yoga related interventions, there aresignificant issues which need to be addressed particularly
about the methodology of many of these trials.
Interpretation of many existing studies is limited by small
sample sizes, lack of appropriate control groups, inadequate
description of methods, selection bias, failure to adjust for
lifestyle characteristics and other potential confounders,
exposure tomultiple interventions, inadequacies in statistical
analysis and presentation, or other methodological problems.
In many of the controlled trials, treatment allocation was not
randomized, and direct statistical comparisons were not
made to control groups, potentially biasing the findings. In
addition, the large variation in the nature, duration, intensity,
and delivery methods of the yoga-based interventions used,
even among studies using yoga practice alone, renders com-
parison across studies difficult. Therefore, although existing
RCTs have yielded results consistent overall with those of
non-randomized and uncontrolled studies, additional high
quality RCTs are warranted.11. Present state and future direction
Yoga is an inexpensive method of addressing the major
epidemic of CVD sweeping our country. It has no known side
effects, requires no infrastructure or maintenance charges
and can easily be practiced even by the chronically ill and the
elderly. Time has come for it to be included regularly in our
prescription for primary and secondary prevention of CVD. It
is likely to be even more effective when combined with other
lifestyle measures like exercise and dietary modification. It
should be inculcated in the school curriculum for long-term
benefit and various community centers should offer free yoga
classes to the community. Large multicenter multinational
scientifically conducted studies will go a long way in estab-
lishing its definitive role in CVD prevention and treatment.r e f e r e n c e s
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